BIOCHEMICAL SOCIETY TRANSACTIONS
Preliminary experiments indicated that the hydrogenase of Escherichiu coli was located within the cell membrane. All procedures were carried out at 4°C under an atmosphere of 02-free N2 with buffers flushed with N2. Hydrogenase activity was determined as described previously (Adams & Hall, 1977) ; one unit of enzyme activity catalysed the evolution of 1 pmol of H2/min. E. coli cells, strain M.R.E. 600 (obtained from M.R.E., Porton, U.K.), were suspended in 5Om~-Tris/HC1 buffer, pH8.0, sonicated for lOmin at full power (Dawe Soniprobe) and then centrifuged (45000g for 90min). Less than 30% of the total activity (2 units/g of cells) was in the supernatant. Addition of Triton X-100 (1 %, v/v) increased the supernatant activity to 60% and the total activity (10 units/g of cells). Sonication in the presence of deoxycholate (3 %, w/v) gave a total activity of 11 unitslg of cells, 70% of which was in the 45000g supernatant. It thus seemed these reagents were able to solubilize the enzyme from the particulate fraction, and also resulted in an increase in the activity of the enzyme (or removed a membranebound inhibitor by the solubilization of the enzyme). There was no release of hydrogenase activity when whole cells were treated with EDTA at high pH values, lysozyme or polymyxin B showing the enzyme was not located within the periplasmic space.
Gel-filtration studies and polyacrylamide-gel electrophoresis confirmed that the enzyme was of high molecular weight and thus probably membrane-associated. Analysis of the crude extract on 10% polyacrylamide gels (Davis, 1964) showed no migration of the hydrogenase activity when stained as described previously (Adams & Hall, 1977) . The enzyme was also eluted with the void volume from a column of Sephadex (3-100 and from a column of Sephacryl S-200. However, after sonication in the presence of deoxycholate, approx. 20 % of the hydrogenase activity (by stain intensity) migrated on the gels to an RF value of 0.27, the rest staying at the origin. These two activities could be separated by gel filtration on Sephadex G-100 and Sephacryl S-200. Prolonged incubation (35"Cil h) with deoxycholate after sonication increased the proportion of the 'solubilized' enzyme to approx. 70% of the total. It thus appeared that deoxycholate initially only partially solubilized the hydrogenase (giving the increased supernatant activity), but this enzyme was still bound to high-molecular-weight particles and could be solubilized further by prolonged incubation.
Complete solubilization of the deoxycholate-extracted enzyme was obtained by incubation (35OC for 1 h) with either pancreatin (P-1750, 12mg/g of cells) or trypsin (12mg/g of cells) or in high salt (1 ~-KC~/0.25~-sucrose). The enzyme obtained by all three methods migrated to the same extent on polyacrylamide gels (RF=0.27) and gave the same elution pattern from Sephadex G-100 and Sephacryl S-200 columns. When compared with reference proteins (Andrews, 1964) the molecular weight of the solubilized enzyme was 110000 (k5000). The enzyme could not be solubilized further by treatment with proteinase, chymotrypsin, perchlorate, guanidinium chloride or urea. It was concluded that this preparation constituted the soluble enzyme. By (NH4)2S04 fractionation (15-45 % satd.) and DEAE-cellulose chromatography (Whatman DE52) using gradient elution (50-250m~-phosphate), the soluble enzyme was purified 140-fold compared with the crude extract with a yield of 30%.
Some properties of the membrane-bound(high molecular weight) and soluble enzymes were compared. As shown in Table 1 , the soluble enzyme was much more O2 sensitive. Methyl Viologen, which is able to transfer electrons to the enzyme, and bovine serum albumin stabilized both enzyme preparations. Methyl Viologen had a greater stabilizing effect on the soluble enzyme in the presence of 02, suggesting perhaps that O2 inactivation may occur via the enzyme's active site. Mercaptoethanol (1-lOmM) did not significantly stabilize the soluble enzyme, whereas FeSO, (10mM) stabilized the enzyme under N2, but had little effect under 0 2 .
The results of thermal-stability studies are given in Table 2 . The membrane-bound enzyme was the more thermostable. Again both Methyl Viologen and bovine serum albumin stabilized both enzyme preparations. The temperature optima for H2 evolution over a 1 h period for the soluble and membrane-bound enzymes were 35" and 40°C respectively, but the activation energy of the reaction was 37kJ/mol for both preparations. The enzyme preparations were: soluble enzyme, purification 140-fold (0.1 mg/ml); membrane-bound enzyme, purification 7-fold (2mg/ml in 20m~-potassium phosphate buffer, p H 7.0). Bovine serum albumin and Methyl Viologen were at final concentrations of 1 mg/ml and 1 mM respectively. The enzyme samples were incubated as indicated and the residual activity was determined as described in the text.
Residual activity (%) The enzyme samples and concentrations of bovine serum albumin and Methyl Viologen were as in Table 1 . The samples were incubated in sealed vials under a N2 atmosphere for 30min. The residual activity was then determined as described in the text.
